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1, QENERAL 


1,01 This Section supplements existing information 
pertaining to the 64C Selector System. 


1,02 ‘This Section describes the Push Button Calling 
Circuit per Drawing WA11447-SD, Issue 7. 


1.03 This circuit is an optional replacement for the 

dial, dial key, and pulse divider calling 
equipment of the 64C Selector System. It can be 
arranged to reproduce all standard five or six digit 
codes, with the exception of those codes which use 
the Numeral 2 as the second digit; 1.e. those codes 
starting with 1-2. 


1,04 ‘The Push Button Calling Circuit is so named 
because the generating and transmitting of a 

selected code is controlled by momentarily depressing 

& non-locking key associated with the particular code. 


1.05 This Calling Circuit may be used on any facility 

or service where the 64C Selector System 
applicable, limitations in usage being due to the 
receiving equipment and not the Calling Circuit, 


1.06 The Calling Equipment consists of: 
(a) One or more Key and Lamp Cabinets; and 
(b) A Pulse Generator and Code Relay Unit. 


1,07 Two types of Key and Lamp Cabinets have been 

made available to care for different types or 
sizes of installations. The following non-locking 
keys are common to both types: 


(a) One MD Key and one MC Key are provided in each 
cabinet for operating similarly designated 
code relays, which are usually assigned to master 

disconnect and connect codes respectively. 


(>) One CD Key is provided for each code relay 
designated C. These keys are normally 

furnished in groups of ten, and are associated with 

individual station or group selection codes. 
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(c) One CN Key is provided in each cabinet to 
permit immediate release of the line and 
Anterruption of any code in the process of being 

transmitted. 


(d) One CD Lamp 1s provided in each cabinet. This 
lamp ts lighted only when a code is being 
transmitted by the Calling Circuit. 


1.08 The smaller of the two types of Key and Lamp 

Cabinets is suitable for use only in single 
channel applications. It is manufactured in 
accordance with Drawing WA11710 (WA11447-ED, List 3 
or 3A). It can be equipped with either 10 or 20 CD 
Ke In addition to the keys and lamp listed in 
Paragraph 1,06,it contains the following: 


(a) One LN Key 18 provided per cabinet. This 

key controls an optional precautionary 
feature which maintains the MD, MC and CD Keys 
in a disabled condition until suct. time as the LN 
Key 18 momentarily depressed. This feature is 
often considered desirable in that 1t affords 
considerable protection against transmission of 
codes from random punching of keys. Optional 
strapping in the Pulse Generator circuit 
eliminates this function of the LN Key, and makes 
the MD, MC and CD Keys effective except during 
periods when a code is being transmitted, 


(>) One LN Lamp is provided per cabinet. This 
lamp lights when the LN Key is operated to 
indicate that the MD, MC and CD Keys have been 
enabled, When the precautionary feature is not 
desired, the LN Lamp is removed from its socket. 


1,09 The larger of the two types of Key and Lamp 

Cabinets is suitable for use in either single 
channel applications (WA11447-ED, List 3B) or in 
manual tape relay system applications (WAl1447-ED, 
List 2, 2A or 2B). In the single channel arrangement 
the cabinet can be. equipped with a maximum of 30 CD 
Keys, all other features being identical to those 
described in Paragraphs 1.06 and 1.07. In manual 
tape relay system applications the cabinet contains 
the keys and lamp listed in Paragraph 1.06, and 
also the following: 


(a) One LN Key is provided for each line requiring 
push button calling, and those non-locking 
keys each displace one of a maximum of 30 CD Keys 

j.e., the total of LN plus CD Keys in a single 
cabinet cannot exceed 30, and an auxiliary cabinet 
will be required if this number is inadequate, 
Momentarily depressing an LN Key will seize the 
selected line if both the line and the calling 
circuit are idle. Successful seizure of the line 
enables the MD, MC and CD Keys. 


(b) One LN Lamp is provided per cabinet. This 
lamp lights when any line is seized, and 
remains lighted so long as the line and calling 

circuit are connected. 


(c) One HLD Key is provided per cabinet. Holding 

this key depressed prevents the manual tape 
relay system from locking out the calling circuit 
at the end of a code transmission. Consecutive 
codes may be transmitted so long as the HLD Key is 
held operated. 


1,10 The Pulse Generator and twelve code rela: 

designated MD (master disconnect), MC (master 
connect), and Cl to C10 comprise a basic unit capable 
of generating twelve different code signals. The 
Pulse Generator is energized and connected to the 
line as a result of actions originated by the 
operation of a code relay under control of a CD Key 
of the Key and Lamp Cabinet. The characteristics of 
the code signal are determined by optional strapping 
and lead connections to the operated code relay. 


1,11 cf mere than twelve different codes are 
requirzd, additional code relays are furnished 
in groups of ten. 


1,12 Circuit design prevents operation of more than 
one code relay at a time. In the case of 

manual tape relay system applications it is 

impossible to seize more than one line at a time. 


1,13 In manual tape relay system applicetions, 
arrangements prevent the relay system from 

locking out the calling circuit following trans- 

mission of a master disconnect code thereby 


4 
P65.902.3 SELECTOR 
Page 5 _ SYSTEM 


Page 6 


permitting reseizure of the line with the associated 
IN Key. This same feature prevents the blocking of 
the transmitter following a master disconnect 
transmission, permitting lot of messages if there 
are deviations from normal operating procedures. 
Completion of the design of an applique which would 
prevent locking out the calling circuit but would 
block the transmitter following transmission of a 
disconnect code has been deferred pending tariff 
rulings and receipt of an order indicating the need 
for this added feature. 


2. EQUIPMENT 


2.01 The Pulse Generator and twelve Code Relays are 
mounted on a panel which occupies the space 
of five 1-3/4" x 19" mounting plates. 


2.02 Additional groups of ten Code Relays occupy 
two 1-3/4" x 19" mounting plates per group. 


2.03 Pulse Generator and Code Relay equipments may 
be mounted on bay framework or in cabinets 
such as the ED91194-01, Group 10 cabinet, with use of 
adapters, where necessary,to accommodate 19" plates. 


2.04 ‘The small Key and Lamp Cabinet per Drawing 
WA11710 measures 7-1/4" high, 4-5/8" wide, 

and 5" deep, It is equipped with a bracket for 

mounting at the side of a table or desk. 


2.05 The larger Key and Lamp Cabinet per Drawing 

WA11447-ED measures 4-1/4" high, 10-3/8" wide, 
and 5-1/16" deep. is usually attached to the top 
of the transmitting or control console of manual 
tape relay systems, A bracket is available for 
mounting this cabinet at the side of a table,desk 
or console when desired. 


2,06 Interconnection of the Pulse Generator and 
Key Cabinet is by means of a cable terminated 
in Jones Plug and Socket. 


i - ~ §* 


3. POWER REQUIREMENTS, 


3.01 The. Push Button Calling Circuit requires 

either negative 120 volts DC + 10 per cent 
or negative 130 volts DC + 10 per cent power supply 
and draws s current of abgut 0-5 ampere when 
generating a code signal. 


3.02 If the voltage connected to the calling 
circuit goes below 105 volts, the Pulse 
Generator may fail to operate, Calibration of the 

Pulse Generator requires a nominal voltage between 
112 and 137 volts and unsatisfactory operation may 
be expected if the voltage varies more then + 10 
per cent from the nominal value, goes below 105 
volta, or above 150 volts, 


4. Ct NA! R; 


4,01 As described in Section P65.902, Paragraph 

+16, @ spacing signal of about one second 
duration is required to connect receiving 64¢ 
equipments to the circuit. This is referred to in 
this Section as a “cut-on pulse". 


4,02 Section P65.902, Paragraph 4.18, covers the 
manner in which the receiving 
stepped by charging and discharging 
condenser through the 60-type selector winding. 
The charge or discharge rate of the condenser, 
hold, and re: characterists 
ype tor establish a requirement that 
there be an interval between stepping impulses of 
about 70 to 150 milliseconds. On 60 speed teletype- 
writer services, a further limitation is imposed, 
in that a spacing signal appreciably less than 80 
milliseconds in length may cause the receiving 
selectors to be disconnected from the circuit as 
described in Section P65.902, Paragraphs 4.19 to 
4.25, and 10.10. A nominal 100 millisecond interval 
between stepping impulses is considered normal, and 
is referred to in this Section as a "digit pulse” 
to identify it as being similar to one of the 
in the series generated when the dial is 
dial and pulse divider arrangement. 
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4,03 When it 1s desired to step all receiving 
selectors on a circuit to a fixed pin or 
contact position simult: sly, the proper master 
code may be transmitted as a continuous series of 
equally spaced pulses, preceded by the cut on pulse. 
However, when it 1s desired to step only one 
selector, or a group comprising less than the total 
receiving equipments on a line, to a fixed pin, it 
is necessary to break the series of pulses into two 
three or four groups with a sufficient pause between 
h group to permit the code wheels of unwan’ 
tors to return to their starting positions 
pauses between groups of digit pulses are 
referred to in this Section as "interdigit pulses", 
and correspond to the time between selecting digit 
dialing operations in a dial and pulse divider 
arrangement. The length of this pulse should be at 
1 420 mili4 jure proper restoral of 
code wheels. The code wheel of the selector or 
selectors required to respond to the code signal will 
have a, code pin engaged with the holding spring 
during these interdigit pulses and will therefore be 
prevented from returning to the starting position. 


4,04 When the code wheel of a receiving selector has 
advanced to a fixed pin it 1s held, with 

contacts closed, until the last impulse of the code 
is received. During this interval the function relay 
of the receiving equipment and relays of associated 
applique circuits must operate or rele: @ required 
to initiate the desired function at the selected 
station, To prov: relay 
tion, the length oj st interdigit pulse" is 


increased to nearly double the time allowed for the 

other interdigit pul 

5. Ire! RIPTION 

(A) Description of Push Button Calling Circuit in 
Single channel _ippiicattons 

5.01 This circuit is shown on Drawing WA11447 3D, 


Sheet 3, Fig. 2B or Sheet 5, Pig. 2C; Sheet 5, 
Pig. 52C: and Sheet 6, Pigs. 1A and 3A. It is made 
up of a key and lamp cabinet, an interconnecting 


cable terminated in Jones Plug and Socket, and a 
pulse generator and code relay unit. The stepping 
of the 209B selector of Fig. 1A results in generating 
a series-of alternate ground and open pulses as the 
selector brush arm passes over the terminals of 

Row 3 of the associated bank. These pulses are 
translated and repeated to the line as neutral, 

or close and open pulses by the L relay. The 
selector magnet is driven by the P relay, through 
normal contacts of the F or ID relay. The P relay 
operates when the P electron tube becomes conducting 
and releases when the tube is extinguished, Each 
operation of the selector magnet opens the selector 
interrupter spring contacts, extinguishing the tube 
to release the P relay and de-energize the magnet. 
Each release of the selector magnet advances the 
Selector one step. In effect, four distinct RC 
timing arrangements are available for connection 

to the starter anode of the tube to establish its 
firing period, and therefore the time interval 
between each successive advance of the selector 
brush arm. Optional strapping arrangements of an 
operated code relay, together with the advance of 
brush arms associated with Rows 2, 5 and 6 of the 
selectro bank, determine which timing arrangement is 
connected to the tube starter anode, either directly 
or through operation of the ID or F relays. By 
connecting the tube starter anode to the proper 
timing: arrangement, the length of pulse at the start 
and between each advance of the selector is 
controlled to terminate the cut on pulse, introduce 
digit or interdigit pulses and initiate the last 
interdigit pulse in the proper sequence to generate 
the selected code. The cut on pulse is initiated 
and the last interdigit pulse is terminated by 
operation and release, respectively, of the ST rel 
which removes a short from the L relay contacts to 
start the code transmission and replaces the short 
to end the code transmission. Operation and normal 
release of the ST relay is dependent on similar 
action by one of- the code relays. The selected code 
relay is operated by momentarily depressing the 
associated MD, MC, or CD Key of the Key and Lamp 
Cabinet per Fig. 2B or 2c. Except in those cases 
where the "W" option shorting strap is placed 
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across the 3-4T contacts of the SZ relay of Pig. 1A, 
4t 1s necessary to operate this relay by momentarily 
depressing the LN Key of Pig. 2B or 2C in order to 
enable a code key to operate a code relay. During 

@ periods when the SZ or ST and a code relay are 
required to be operated, they are locked up to a 
ground supplied through normal contacts of the CN 
Key of Fig. 2B or 2C. Momentarily depressing 

the CN Key opens this ground supply to release these 
relays. The release of the ST relay places a short 
across the L relay contacts to blind the line to any 
additional pulses generated. Ground on the selector 
brush arm associated with Row 1 of the bank maintains 
& potential across the P tube and a connected timing 
circuit to assure that the ctor will continue to 
advance until it reaches its (stop and) start 
position on Step 22. The ST relay is operated at 
all times during a code transmission, and in this 
condition it places a short across Terminals 29 and 
30 of the pulse generator A terminal strip. By 
@ross-connection or cabling, this short may be 
extended to blind a unit of station equipment from 
receiving the code signals. 


5.02 In the idle condition, all relays are released; 
tHe selector is on Step 22; the timing circuit 

condensers are discharged; and all elements of the 

P electron tube are at the same potential with 

respect to ground. 


5.03 Ground from Terminal 32 of the A terminal strip 

of Pig. 1A is fed through the interconnecting 
cable, Pig. 52C, to Terminal 25 of the C Jones Plug 
of the Key and Lamp Cabinet, Fig. 2B or 2C. From 
Perminal 25, this ground is supplied to the CN and LN 
Keys and to the CD Lamp. Momentary operation of the 
non-locking LN Key connects ground back through the 
interconnecting cable on the SZ lead to operate the 
SZ relay, the operate path being completed through 
normal Contacts 2-1T of the ST relay and "X" wiring 
to battery. The SZ Relay locks up through its 
Contacts 1-2B, "X" wiring, the interconnecting cable, 
and normal contacts of the CN Key to ground. 


5.04 Battery from Terminal 1 of the A terminal 
strip of Fig. 1A is fed through "Q" wiring 
in the interconnecting cable to the LN Lamp. 
The operation of the SZ relay completes a ground 
path from the selector brush arm, through Terminal 
22 of Row 1 of the bank, Contacts 5-61 of the F 
relay, Contacts 3-4T of the ST relay; Contacts 4-37 
of the SZ relay, and the interconnecting cable to 
the IN Lamp to light it: and to the MD, MC, and CD 
Keys to enable them to operate an associated code 
relay. The lighting of the LN Lamp indicates that 
the MD, MC and CD Keys are no longer disabled. with 
"W" option wiring these code keys are not dependent 
on prior operation of the SZ relay, and since the 
LN Lamp loses its significance, it is removed from 
its socket to prevent it from being permanently 
lighted except when codes are being transmitted. 
It will be noted that the code keys are not supplied 
with ground during a code transmission because of 
the ST Relay being operated; nor until the selector 
has returned to its start position following a code 
transmission or CN Key operation. The operation of 
a code key breaks the ground path to all higher 
numbered keys, and while still momentarily depressed 
the ground to all code keys is opened by operation 
of the ST relay, making 1t impossible to operate 
more than one code relay at a time. 


5.05 The interconnecting cable per Fig. 52C (also 
52D in larger installations) provides an 
operating path from each code key to its associated 
code relay (Fig. 1A or 3A). Battery is supplied to 

the code relays through normal contacts of the ID 
key by the P relay, 1f released: the ID relay, if 
released and the F relay, if the ID relay is 
operated and the F relay released. when the 
selected code relay operates, its 4-5T contacts 
close, extending the ground from the code key to the 
winding of the ST relay. At the same time, Contacts 
7-6T of the operated code relay connect battery to 
the other end of the ST relay winding, operating 
the relay. 
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5.06 When the ST relay operates, it locks up to 

ground through its 3-4B contacts and normal 
gontacts of the CN Key in the Key and Lamp Cabinet, 
It also returns this lock up ground to the ground 
side of the code relay winding through ST relay 
Contacts 4-3B and code relay Contacts 5-47, to lock 
up the code relay. The ST and code relays can be 
released by operating the CN Key or by opening the 
battery source. The operation of the ST relay 
tarts the code transmission and performs miscel- 
aneous functions as follows: 


(a) Opens the line to initiate the cut on pulse 
by removing the short from the contacts of 
the released L relay: 


(b) Connects ground to the selector magnet and 
interrupter contacts, and through these 
contacts to the anode of the P electron tube 
and the ST resistor. Grounding the main anode 
of the three element cold cathode electron tube 
creates a potential difference between the 
cathode and anode which will cause the tube to 
conduct once it 1s fired by a breakdown voltage 
on the starter anode. The ground applied through 
the ST resistor, P resistor and P potentiometer, 
To the P capacitor charges the latter at a rate 
such that it will reach the tubes starter anode 
breakdown voltage in about one second. The 
capacitor is connected to the starter anode 
through the 5-4T contacts of the ID relay; 


(c) Purnishes a ground to which the F relay can 
lock up when it has been operated; 


(a) Opens the ground path to the code keys; 


(e) Opens the operating path of the SZ relay, 
which releases, extinguishing the LN Lamp 
if provided; 


(f) Connects battery through ‘the interconnecting 
cord to the CD Lamp, which lights to indicate 
that a code transmission is in progress; and, 


(g) Places a short across Terminals 29 and 30 
of the A terminal strip which can be used 
to tlind associated equipment from receiving the 

code signals. 


5.07 When the P capacitor and the starter anode 
of the tube reach a potential about 75 volts 
positive with respect to the negative voltage 
Supplied to the tube cathode through the P relay 
winding, tne tube fires. Its cathode current 
flowing through the relay winding causes the P 
relay to operate. This current also creates a 
voltage drop across the relay winding and the Rl 
resistor, raising the cathode potential and 
extinguishing the starter anode. Conduction 
continues between the main anode and the cathode. 


5.08 Operation of the P relay removes battery supply 
from the released ID relay and from the 
operated code relay, The code relay still receiv 
battery through normal contacts of the ID relay and 
is not affected by the P relay operation. When the 
armature and Contact 2 of the P relay close, a 
shunt 1s placed across the P capacitor to discharge 
it prior to the next timing interval. ‘The closing 
of the armature and Contact 1 of the P relay 
completes an operating path for the selector magnet 
through Contacts 4-5B of the ID relay, and 3-4B 
of the F relay in parallel, and the magnet winding 
to ground applied in Paragraph 5.06 (b), above. 


5.09 As the selector armature advances toward the 
magnet core, it breaks the interrupter 
contacts to open the ground path to the main anode 

of the tube, established in Paragraph 5.06 (b). 
With this ground removed, the tube main anode 
returns to the same potential as the cathode, 
extinguishing the tube to release the P relay. 
The release of this relay opens the operating path 
of the selector magnet and removes the shunt from 
the discharged P capacitor. As the selector 
armature starts to return to its back stop, the 
interrupter contacts again close to re-establish 
ground to the main anode of the tube, and through 
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the ST and P resistors and the P potentiometer to 
start charging the P capacitor for the next timing 
period. Immediately after closing the interrupter 
contacts, the releasing magnet armature advances the 
selector to Step 1 from its starting position on 
Step 22. 


5.10 The following changes take place when the 
selector is advanced to Step 1: 


(a) Ground is transferred from Terminal 22 to 
Terminals 1 to 21 inclusive of Row 1 of the 
bank. ‘The removal of this ground from Terminal 
22 disconnects, at its source, the only ground 
supply to the CD keys of the key and lamp 
cabinet, assuring that these keys will remain in 
a disabled condition until the selector returns 
to its start position on Step 22 or 44, In 
addition to the selector being on Step 22, it is 
necessary for the F and ST relays to be released, 
and the SZ relay either operated or furnished 
with “W" option wiring to enable the CD Keys. 
The connection of ground to strapped Terminais 
1 to 21 supplements the ground to the interrupter 
contacts which was originally supplied by 
operation of the ST relay as described in 
Paragraph 5.06 (b), This supplementary ground 
assures that even though the ST relay releases, 
due to completion of the code transmission or 
operation of the CN Key, a potential will be 
furnished through the interrupter contacts to 
charge the P capacitor, fire the tube and step 
the selector to its start position on Step 22. 


(b) Terminals 1 to 21 of Row 2 of the bank are 
strapped together. So long as the associated 
brush arm,is not on Step 22, a short 1s maintained 
across the ST resistor. The shorting of the ST 
resistor increases the charging rate of the P 
capacitor so that it reaches a potential sufficient 
to fire the tube in about 60 or 65 milliseconds. 
This interval, plus relay and magnet operate 
times and a portion of the magnet release time, 
results in pulses about 100 milliseconds in 


Jength. So long as the P capacitor and tube 
starter anode are connected through Contacts 
4-57 of the released ID relay, and the selector 
is not in its start position on Step 22, pulses 
of this length will be generated. 


(c) All odd numbered terminals of Row 3 of the 
bank are strapped together, and as the 

associated brush arm advances to one of these 
terminals, it supplies ground to complete the 
operating path of the L relay, which closes the 
line circuit. The operation of the L relay, 
when the selector advances to Step 1, terminates 
the cut on pulse and initiates the first digit 

Subsequent steps alternately open and 
the line. 


5.11 In order to introduce interdigit pulses in 
the generated code, arrangements are made to 
transfer the tube starter anode from control of the 
P capacitor to the ID capacitor by operating the 
ID relay as the selector reaches predetermined 
points in the code transmission. When the ID relay 
operates, it transfers the tube starter anode which 
appears on strapped Springs 2 and 4T of the relay 
from contact with Spring 5T associated with the P 
capacitor to contact with Spring 1T associated 
with the ID capacitor. It also removes a 1000 ohm 
shunt from the ID capacitor, permitting it to start 
charging through Contacts 6-5B of the released F 
relay and the ID resistor to ground. In about a 
half second the ID capacitor develops a sufficient 
voltage to fire the tube, operating the P relay to 
open the operating path of the ID relay and advance 
the selector a step. Each individual station code 
requires a distinct pattern of pulses and this is 
accomplished by planned variations in the location 
of interdigit pulses through strapping or leads: 
between code relay contacts and bank terminals, 
each code relay being strapped differently. These 
straps or leads are identified as Dl, D2, D3 and 
D4 straps (see Paragraph 5.19) to indicate that an 
operating path for the ID relay ts established when 
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the selector has advanced the number of steps 
corresponding to the lst selecting digit of the 
code, the sum of the first two selecting digits, 

the sum of three selecting digits, or the sum of 
four selecting digits respectively, As the selector 
advances to Step 3, the grounded brush arm 
associated with Row 6 of the bank starts a scanning 
operation, seeking an operating path for the ID 
relay through a D strap, the contacts of an 
operated code relay, and the ID relay winding to 
battery furnished by the P relay when released, 

The path for Terminal 3 of Row 6 includes normal 
Contacts 1-2B of the F relay to prevent a path 
through Terminal 3 from being mistaken for 25 if the 
selector must make a second half revolution to 
complete transmission of a 26 impulse code. The 

F relay will be unoperated at Step 3 but operated 
at Step 25 to open the path through Terminal 3, 

The brush arm of Row 6 scans Terminal 3 to 18, 

and operates the F relay on Step 19. The brush 

arm of Row 5 scans terminals corresponding to 20, 
24 and 26 steps, having been supplied with ground 
when the P relay operated. The brush arm of Row 1 
scans Step 22 through Contacts 5-4B of the operated 
F relay, Each time the scanning operation reveals 
an operating path for the ID relay, the latter 
transfers the tube starter anode to the ID 
capacitor, thereby holding the selector on the step 
which established the operating path until the tube 
fires. Subsequent operation of the P relay opens 
the main battery supply to the ID Relay, and (if the 
P relay 18 released) tie ID relay has time to fully 
release before advance of the selector magnet opens 
the interrupter contacts to extinguish the tube and 
release the P relay, thereby re-establishing battery 
to the ID relay winding. The ID relay does not 
have time to reoperate in the interval between 
release of the P relay and the advance of the 
selector which opens the ground path to the ID relay. 
There 1s considerable margin for safe operation in 
each of these race conditions, and even if the ID 
relay reoperated momentarily it would have no adverse 
effect on pulse generator operation. Should the ID 
relay fail to release in its alloted time, the 
first pulse following the interdigit pulse would be 


only 30 to 40 milliseconds in length, and the 
equipment should be investigated for a condition 
which would greatly lessen the operate time of the 
selector magnet or greatly increase the release 
time of the ID relay. It will be noted that no D 
strap is provided for Step 26, the fact that code 
transmission is continuing when the selector 
reaches this step being sufficient evidence that a 
26 impulse code is being transmitted since no 
standard codes require a greater number of impulses, 


5.12 When the grounded brush arm associated with 
Row 6 of the bank reached Step 19, it 
operated the F relay. The operation of this relay 

prepares the circuit for subsequent generation 
of the last interdigit pulse, for scanning Steps 
20 to 26 for an ID relay operating path, and for 
returning the generator to the starting position, 
as follows: 


(a) F relay Contacts 9-10T connect ground to 
the brush arm of Row 5 so that it may scan 
Steps 20, 24 and 26; 


(b) Contacts 7-87 lock up the F relay to ground 
provided by the ST relay as described in 
Paragraph 5.06 (c); 


(c) Contacts 4-5T connect Terminal 22 of Row 1 

of the bank to code Point 22 of the A 
terminal strip so that this point may be scanned 
for an operating path for the ID relay; 


(4) ‘The transfer of battery on 2T from Spring 
3T to Spring 1T removes the battery supply 
which previously held the code relay operated 
during those periods when both the ID and P 
relays had removed their supplies, and it 
furnished a secondary supply to the ID relay; 


(e) when Contacts 1-2B open, a possible path 
for false operation of the ID relay at Step 
25 of the selector is eliminated; 


(f) The opening of 3-UB eliminates one of two 
parallel operate paths for the selector magnet; 
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(g) The opening of 5-6B inserts the S-IL 
resistor in series with the ID resistor 
and capacitor. 


(h) Contacts 7-8B place an auxiliary short 
across the ST resistor to keep this 

resistor out of the charging path of the P 

capacitor if the code transmission is still in 

progress when the brush arm associated with Row 2 

of the bank leaves Step 21. 


5.13 The ector continues to step at the digit 
pulse rate until the scanning operation of 
the brush jociated with pobd 5 and 1 of the 
bank results.in operation of the ID relay. This 
ID relay operation transfers the tube starter 
anode from the P to the ID capacitor. Also, it 
opens one of the two remaining battery sources for 
the operated code relay, and ope: only 
remaining operating path for the selector magnet. 
With the S-ID resistor added in its charging path 
pe Paragraph 5.12 (g) it takes about one second 
© charge the ID capacitor to a sufficient voltage 
to fire the tube. As the tube becomes conducting, 
it operates the P relay to remove the last battery 
source to the code relay, permitting it to rele 
The operation of the P relay does not cause rel 
of the ID relay because the latter now receives 
battery from the operated F relay as covered in 
Paragraph 5.12 (d). The selector magnet operating 
path 1s open at contacts of the ID and F relays. 


of the code relay opens the battery 
ay 1 


‘The 
relay results in the Yoriowing! 


(a) Contacts 1-2B place a short across the L 
relay contacts to close the loop, thereb; 

terminating the last interdigit pul 

the line to any further action of the L relay. 


(b) Contacts 9-10T remove a ground source from 

the selector magnet and the main anode of 
she tube. If the selector is on Step 22, the 
removal of this ground extinguishes the tube and 
prevents further stepping by the selector. If 
the selector is not on Step 22, an auxiliary 
ground source from the brush arm of Row 1 of 
the bank maintains the tube conducting and 
furnishes ground to step the selector when its 
battery path 1s restored by release of the P or 
ID relays. 


(c) Contacts 11-12T remove the short from 
Terminals 29 and 30 of the A terminal strip, 
and the blind from connecting apparatus. 


(4) Contacts 7-8T remove the lock up ground 
from the PF relay, permitting it to release. 


(e) Contacts 5-6B remove the battery source 

*" to the CD Lamp of the Key and Lamp Cabinet 
to extinguish it, indicating the completion of 
code transmission. 


5.15 The ID relay is somewhat slower in releasing 
than the ST relay. Unless the selector was 
on Step 26 when the code transmission was completed, 
the release of the ID relay precedes the release 
of the F relay. In releasing, the ID relay 
transfers the tube starter anode back to the P 
capacitor, and closes the path between Contact 1 of 
the P relay and the selector magnet. If the code 
transmission ended on Step 22, neither of these 
actions has any effect, as covered in Paragraph 
5.14 (b), If the selector is on Step 20, 24 or 26, 
it will step at the digit pulse rate until it 
reaches its start position on Step 22, or Step 44 if 
a second half revolution is required, at which point 
the ground furnished ty Row 1 of the bank is 
removed from the selector magnet and the tube. 


5.16 If the selector was on Step 26 at the end of 
code transmission, release of the F relay 

will precede that of the ID relay due to the latter 

receiving: its ground supply directly from Row 5 of 
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the bank. In this case the release of the F relay 
opens its Contacts 1-2T, removing the battery supply 
to the ID relay. If the F relay releases before 
the ID, it closes the battery path to the selector 
magnet to advance the selector to Step 27. 
Subsequent action is as described in Paragraph 5.15, 
With all relays released, the calling circuit 13 
restored to its idle condition if the selector is on 
Step 22 or when it advances to Step 22 or 44, 


5.17 In units manufactured prior to Issue 7 of 
Drawing WA11447-SD, both anodes of the tube, 
and the tube side of the P capacitor were not 
terminated when the circuit was idle. Leakage to 
Ground would gradually build up a charge across the 
P capacitor to a point where the tube would often be 
on the verge of firing, and would fire as soon as 
the operation of the ST relay applied ground to the 
main anode. As a result, the length of the cut on 
pulse would be reduced, and would depend largely on 
the length of time the circuit had been idle and on 
the relative humidity. To overcome this condition, 
a lead was provided from SZ relay Contacts 4-5B, 
through the 1000 ohm R2 resistor to the tube side 
of the P capacitor, This arrangement shunted down 
the P capacitor, removing any leakage charge, each 
time the SZ relay was operated prior to a code 
transmission. Thus, except when "W" wiring is 
Specified, the timing charge of the P capacitor 
actually starts when the SZ relay releases to remove 
the shunt, rather than when operation of the ST 
relay applies ground to the ST resistor as described 
in Paragraph 5.06 (b). The 10 megohm PS resistor 
has been bridged across the P capacitor to terminate 
the capacitor and both tube anodes during idle 
periods on units mariufactured in accordance with 
Issue 7 of Drawing WAl1447-SD, and on earlier units 
which have been modified in accordance with Detailed 
Change Sheet WA11447-Dcs which has been reproduced 
as Sheet 5 of Drawing Al1447-T, While the shunting 
action of the SZ relay should no longer be required, 
the type of wire insulation on'many units of early 
manufacture was left to the discretion of the shop, 
id some of these units might perform better during 
extreme humidity conditions as a result of shunting 
the P capacitor immediately prior to code transmission 


5.18 The Cl capacitor and R10 resistor forma 

network which is bridged across the cathode 
and starter anode terminals of the electron tube. 
In some tube applications such networks are used 
to suppress starter voltage oscillations which 
might occur if the starter current were held to an 
extremely low value. As applied in the Push Button 
Calling Circuit, the network serves no useful 
purpose, 


5.19 The D4 strap referred to in Paragraph 5.11 is 
not shown in Pig. 1A of Drawing WA11447-sD, 
although its application is described in Note 107 
of the drawing, The Dl strap is only used in 6 
digit codes, and because of the number of inquirte: 
for optional features which would require use of 
those code relay contacts which the D4 strap 
employs, wiring for the contacts is not shown. 


(B) Description of Push Button Calling Circuit in 
Manual Tape Relay System Applications 


5.20 This circuit 1s shown on Drawing WA11447-sD, 

Sheet 5, Figs. 2D, 52C, 52D and 53; and 
Sheet 6, Figs. 1A and 3A, With the exception of 
the following features, the operation is identical 
to that described in Paragraphs 5.01 to 5.19. 


5.21 In Fig. 1A, "Y" wiring is used and "Xx" and "Ww" 
wiring are omitted. Ground from the brush 
arm associated with Row 1 of the bank 1s supplied to 
Terminal 22 of the row, through Contacts 5-6T of 
the F relay, to Contacts 3-4T and 1-2T of the ST 
relay. The ground on Contacts 1-21 of the ST relay 
is applied to Terminal 6T of the SZ relay winding. 
The ground on Contacts. 3-4T of the ST relay is 
extended through Contacts 4-5T of the SZ relay 
the interconnecting cable with "H" wiring (Fig. 52C), 
Springs 2-3 of the ELD key (Fig. 2D), to the LN Key 
associated with the first line, and through series 
strapping to all other LN keys. when the LN Key 
associated with the selected line is momentarily 
depressed, it disconnects the enabling ground from 
all higher numbered LN Keys and applied the ground 
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through the interconnecting cable (Fig. 52D, "N" 
wiring) to the manual tape relay system equipment 
assigned to the selected line. See Drawings WAlI449 
and WA11450 for the external circuit. If the 
selected line is busy, the path of the ground is 
open and nothing happens. If the selected line is 
idle, a path is established to operate a relay which 
returns battery supply to the LPl lead, lighting the 
IN Lamp of the Key and Lamp Cabinet to indicate 

that the line has been seized. This lamp remains 
lighted while the line ized. The same external 
relay returns the original enabling ground through 
its lock up contacts to the LC lead of the Key and 
Lamp Cabinet, through Contacts 2-3 of the CN Key 
and the interconnecting cable (Fig. 52C) to Terminal 
6B of the SZ relay. At this time the SZ relay has 
ground on each side of its winding, and the external 
relay has two ground sources; First, the original 
enabling ground furnished through the momentarily 
operated LN Key; and second, a path through its lock 
up contacts, the LC lead, the CN Key, the SZ relay 
winding, Contacts 1-2T of the ST relay, Contacts 
5-61 of the P relay, and Terminal 22 of Row 1 of the 
bank to the grounded brush arm, When the enabling 
ground is removed by releasing the LN Key, the 
external relay locks up over the path through the SZ 
relay winding, operating the SZ relay. 


5.21 When the SZ relay operates, the ground on its 

4p spring 1s transferred from 5T to 3T, disabling 
the LN Keys and enabling the CD Keys to operate a 
code relay. 


5.22 The operation of the ST relay at the start of 
code transmission furnishes an auxiliary lock 
up ground through its 5-6T contacts and the RO 
resistor to hold the external relay opera’ 
opens the operating pgth of the SZ relay. 


5.23 When the ST relay rel at the end of code 
transmission, it opens the lock up path of the 
external re ‘The P varistor across the winding of 
the F relay makes this relay sufficiently slow in 
releasing that it will not close its normal Contacts 
5-6T until the external relay has opened its lock up 


contacts. It will be noted that if the selector 
were on Step 22, early release of the F relay could 
re-establish a lock up path for the external relay 
through the ST relay Contacts 1-2T and the SZ relay 
winding. 


5.24 Momentarily depressing the CN Key bre! 

lock up path for the external relay 
as the operate path of the SZ relay and the lock up 
path of the ST and code relays, permitting all to 
release. 


5.25 Holding the non-locking HID Key operated 

furnishes an auxiliary lock up ground to hold 
the external relay operated. Also, it establishes 
a ground path through Terminal 22 of Row 1 of the 
bank, and normal contacts of the F, ST and SZ 
relays to enable the code keys with the SZ relay 
ed. This arrangement permits holding a seized 
while two or more codes are transmitted, 
preventing the manual tape relay system equipment 
from locking out the calling circuit when the ST 
relay releases its lock up of the external relay at 
the end of each code transmission. 


5.26 Ground through Contacts 1-2T of the MD 
(master disconnect) code relay, and an 
auxiliary path from the brush arm associated with 
Row 1 of the bank, Terminal 22 of the row, Contacts 

4-57 of the F relay, and Contacts 6-7T of the ID 
relay are connected to Terminal 2 of the A terminal 
strip. Cross-connections extend this lead to lock 
down the relay in the manual tape relay system which 
performs the function of locking out the calling 
circuit at the end of a code transmission, In this 
manner lock out is prevented following transmission 
of a master disconnect code, and the line can be 
reseized to send other codes without having to 
resort to key manipulation at the control position, 


6. OPERATION 


6.01 Description of Operation of Push Button Calling 
Circuit in Single Channel Application when "WwW" 


Wiring is Furnished 
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(a) when a receiving station is to be called, 

momentarily depress the CD Key associated with 
the code assigned to the selected station. The 
lighting cf the CD Lamp indicates that the code 
transmission is in progress. when the light goes 
out, it indicates that the code transmission ha: 
been completed. If the transmitted code was a 24 
or 26 impulse code, there may be a delay of nearly 
two seconds before the selector of the calling 
circuit returns to 1ts idle condition to restore 
the enabling ground to the code keys. 


(b) When it 1s desired to call two or more 

stations, one immediately after the other, 
follow the same procedure as in (a) except that 
there must be a pause of about one-half second 
between each call, and the CD Key must be held 
operated until the CD Lamp lights. 


6.02 Description of Operation of Push Button Callli 
Circuit in Single e Channel Applications when 


Wiring is Omitted 


(a) When a receiving station is to be called, 
momentarily depress the LN Key, and when the 
LN Lamp lights, momentarily depress the CD Key 
ssociated with the code assigned to the selected 
ation, The CD Lamp lights and the LN Lamp is 
extinguished to indicate that the code transmission 
is in progress, When the CD Lamp goes out, it 
indicates that the code transmission has been 
completed. 


(b) When it 1s desired to call two or more stations 

one immediately after the other, follow the 
same procedure as in (a) except that the CD Key 
must be held depressed until the CD Lamp lights and 
the LN Lamp is extinguished. 


6.03 Description of Operation of Push Button Calli 
Ctreutt in Veruat Tape Relay System Application: 


(a) When a line 1s to be seized and a receiving 
station called, momentarily depress the LN Key. 

assigned to the selected line. If the LN Lamp fails 

to light, it indicates that the Push Button Calling 


Circuit has been locked out by the manual tape 
relay system because of the line teing busy or for 
other reasons. Follow normal manual tape 

relay system operating procedures in determining 
if the line is busy or if the lock out should be 
released. Following release of the lock out, 
again depress the LN Key. 


(bd) When the LN Lamp lights after the LN Key 
has been momentarily depressed, it indicates 
seizure of the associated line. Momentarily 
depress the CD associated with the code 
assigned to the called station. The CD Lamp 
lights at the start of the code transmission, 
and both the CD and LN Lamps are extinguished 
when the code transmission is completed to 
indicate that the code signal has ended and that 
the line 


(c) When it is desired to call two or more 

stations, one immediately after the other, 
follow the same procedure as in (a) and (b), 
except that the HID Key must be held depressed 
from the time that the first CD Key has been 
operated until the CD Lamp lights after operation 
of the last CD Key. A pause of at least one-half 
second is required between the extinguishing of 
the CD Lamp and the operation of the next CD Key. 
For the second and subsequent stations called, the 
CD Key must be held depressed until the CD Lamp 
lights. 


6.04 Use of the CN Key in Releasing a Seized Line 
or Preventing Completion of a Code Transmission 
(a) By momentarily depressing the CN Key it is 


possible to release a line of a manual tape 
relay system which has been seized in error. 


(b) On single channel installations not equipped 

with "W" wiring depressing the CN Key will 
disable the code keys and extinguish the LN Lamp 
in those cases where the LN Key has been depressed 
in error, 
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(c) If an error has been made in selecting a 

code key and is promptly recognized, momentarily 
depressing the CN Key will prevent completion 
of the code transmission and avoid performance 
of the action associated with the code. It is 
essential that a master disconnect code be sent 
on the line immediately following use of the CN 
Key in halting a code transmission, and if stations 
had been connected to the line before the CN Key 
was operated, two consecutive master disconnect 
codes should be transmitted. This is because of 
unwanted side effects associated with use of the 
key, as foliows: When the CN Key is depressed, 
4t removes the lock up ground from the ST relay 
of Fig. 1A, and the release of the ST relay closes 
the line circuit by placing a short across contacts 
of the Lrelay, Assume, for example, that the 
selector of the calling circuit and the code wheels 
f all receiving selectors have just completed 
advancing four steps when the CN Key is depr 
The holding spring will engage a movable code: 
pin in Position 4 (Fig. 2, Section P65.901) and 
prevent receiving code wheels from restoring to 
their starting positions at stations having the 
Numeral 4 for their first selecting digit. The 
12th, 14th and 20th codes of B.S.P, Section 
P65.902, Table A, are 14061, 14971 and 14881 and 
would be affected. The closing of the line 
circuit may shorten the fourth digit pulse 
sufficiently to make the A tube of receiving 
selectors (Section P90.982.1) conducting and prevent 
further response of the selector to line signals. 
‘The next code transmitted on the line will step 
the code wheel from pin Position 16 and it would 
therefore be impossible to select any of these 
three stations by sending the proper code, but if 
the Code 18841 were transmitted, it would advance 
the selector having Code 14881 to a fixed pin and 
result in a false operation, By sending a master 
disconnect code on the line after using the CN 
Key, all receiving selectors can be restored to 
their starting positions. If one or more stations 
were connected to the line prior-to sending the 
master disconnect code their status remains 


uncertain until’a second master disconnect code 
is transmitted, for the first such transmission 
may have advanced them from a movable pin rather 
than from the starting position of the code wheel, 
in which case they would step beyond the fixed 
pin associated with the master disconnect 
function. A 22 impulse master disconnect code 
received by a station with the code wheel held 

on pin Position 16 will advance the code wheel 

to the D fixed pin (Fig. 2 of B,S.P. Section 
P65.901), but this 1s of no significance as 
fourth functions are not assigned to codes having 
the Numeral 4 as the fist selecting digit. 

Codes having the Numeral 2 as the first selecting 
digit are not used with the Push Button Calling 
Circuit, and do not enter into the problem. 


(4) Optional wiring of manual tape relay systems 

1s usually such that the calling circuit will 
be locked out of single circuits if the CN Key 
18 depressed after code transmission has started. 
This lock out may be prevented by holding the 
HLD Key depressed from before the time that the 
CN Key is depressed until the first master 
disconnect transmission 1s started as indicated 
by lighting ff the CD Lamp. If lock out occurs 
re-entry 18 covered by standard manual tape relay 
system operating practices 


7. CODE COMBINATIONS 


7,01 While dial and pulse divider equipment is 
limited to a maximum of ten consecutive 

impulses in a series, the Push Button Calling Circuit 

can generate as many as 26 consecutive impulses. 

This series of impulses may be shortened and/or 

divided into two, three or four groups separated 

by interdigit pulses. 


(a) A series of 20, 22, 24 or 26 consecutive 
impulses will normally be used in transmitting 
a master code. 
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(b) Two groups of impulses separated by an 

interdigit pulse may be used for group 
selection, such group selection being distinct 
from the group selection described in BSP Section 
P65.902, Paragraph 6.06. 


(c) Three or four groups of impulses are used in 

duplicating the individual station codes 
listed in Tables A and B of B,S,P, Section P65.902, 
or in generating additional codes. 


7.02 he ability of the Push Button Calling Circuit 

to generate more than ten consecutive impulses 
results in a new type of group selection and a 
considerable increase in the quantity of different 
code signals. The extent to which these features 
may be applied is limited by availability of 
suitable testing arrangements and by the frequent 
retention on a line of one or more stations dependent 
on dial and pulse divider equipment for calling. 


a) If all stations on a line are equipped with 

Push Button Calling Circuits, and if similar 
equipment 1s provided at key testrooms for 
generating test code signals, the code combina- 
tions listed on Table G and the groups listed on 
Table H may be assigned, 


(>) If one or more stations on a line are equipped 
with dial and pulse dividers, and if such 
stations are only required to transmit individual 
station codes, but not group or master codes, then 

those five digit codes listed on Table E and 
groups listed on Table F may be assigned. Six 
digit codes may also be used, but the development 
of six digit code information similar to that shown 
on Tables D, E, F, G and H for five digit and 
equivalent codes is beyond the scope of this 
Addendum. In using Tables E and F, it is assumed 
that the dial type portable test set will be used 
in testing .esponse to individual station codes 
and that the test for response to master and group 
codes will be omitted as superfluous. 


(c) If one or more stations on a line are 

equipped with dial and pulse dividers, and 
if these stations are required to transmit master 
as well as individual station codes, only those 
code combinations listed on Tables A and B of 
B,S.P, Section P65.902 may be used, and such of 
these codes as have the Number 2 for the first 
selecting digit must be omitted. Table D lists 
the group selections applying to the codes of 
Table A of Section P65.902, but such groups may 
be selected only by stations equipped with Push 
Button Calling Circuits, 


7.03 As referred to in this addendum and associated 
Tables C, D, F, and H, groyp 
consists of sending a series of consecutive impul 
which will step all receiving selectors to a 
specified movable pin position. Stations having a 
pin in this position comprise the selected group. 
Following an interdigit pulse which permits the 
code wheels of stations not in the group to return 
to their starting position, a second series of 
consecutive impulses steps the selectors of the 
group from the movable pin position to a fixed pin 
position associated with the desired function. The 
two series of pu re preceded by a tut on pulse 
and followed by a last interdigit pulse as in other 
code transmissions. One of the equipped pin 
positions required for receipt of the individual 
station code is used for the group selection. On 
lines employing five digit or equivalent station 
cod ch receiving selector has two movable pin 
positions equipped and will therefore respond to two 
different group selection codes. No two stations 
will respond to the same pair of group selection 
codes. In some applications, a sub control office 
may be required to receive all signals or messages 
directed to each of two groups, in which case it is 
igned the individual station code which is common 
both group: By not assigning certain group 
or station codes, it is possible to have each station 
on @ line respond to only one of the several group 
coder which may be assigned to different sections 
of the line or to different types of stations. It 
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1s also possible to have group selection for some 
stations and omit it for other stations. Regardless 
of grouping arrangements, all stations will respond 
to master codes, If station codes per Table G may 
be used, and if a small number of groups are 
required, as many as four functions may be performed 
on @ group basis in many cases, In general, the 
greater the number of groups required, the fewer 
stations are permitted per group as indicated below 
with respect to Table H: 


Number of Stations Per Grou 
Groups Group A Group 5 Group C Group DB Group E 


2 wu 13 

2) 13 13 12 

4 12 12 12 1 

5 ql n n ST 10 
10 6 6 6 6 6 


7.04 Tables A and B of B,S.P, Section P65.902, and 
Tables E and G of this Addendum list the 

individual station codes in the order of available 
functions, four function codes being placed at the 
top of the list. The tendency to assign these codes 
to individual stations in the order listed 1: 
usually not compatible with the assignments required 
for group selection, For this reason, the 
identifying number representing a particular code 
Signal is referred to the “code designation” 
on Tables D to H, rather than “station” 
Tables A and B of B.S.P, Section P65.902. In 

igning individual station codes and group 
selection per Tables G and H, it is probable that 
the main control office on a line would be known as 
Station 1, but if it were not required to respond 
to group selection, it would be assigned the code 
designated 105, This is because the code designated 
10€ responds to group Codes P and R, and it 
assignment does not reduce the number of stations 
which may be placed in Groups A to N. Normally, 
Groups P, Q, and R will not be assigned, as all code 


designations except 105 in these groups also respond 
to one of the Group A to N selection codes. 


TABLE. 


c 


Group Selection Code Signals 
sh_Button Calli 


For Use With 


3rd 


Circuits 


lst 2nd 4th 
Group Function Function Function Punction 


A (aB)2 
(17)3 
(16) 
(15)5 
(2496 
(13)7 
(128 
(11)9 


9(22) 
8(12) 
7(23) 
6(14) 
5(15) 
4(16) 
3(17) 
“eater (20) 
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(18)4 
(17)5 
(16)6 
(45)7 
(14)8 
(13)9 
(12)(10) 
(12)(22) 


9(13) 
8(14) 
705) 
6(16) 
5(17) 
4(18) 
3(19) 

(22) 


(18)6 
(17)7 
(16)8 
(15)9 
(14)(20) 
(23)(12) 
(12)(12) 
(22)(23) 


9(15) 
8(16) 
7(17) 
6(18) 
5(19) 


B 
c 
D 
Ez 
r 
o 
" 
a (10)(10) (10)(12) (20)(24) (10)(16) 
K 
L 
" 
" 
P 
Q 
R 


(24) 


(18)8 

(17)9 

(16) (210) 
(45) (22) 
(14) (22) 
(13)(23) 
(a2)q4) 
(11)(15) 


9(17) 


8(18) 
719) 


(26) 


Receiving 
Station 
Equipped 


Post tion 
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Notes: 


1, Only selecting groups of impulses are 
shown, the first and last digits “one* 
of a dial code being produced automatically 

by the Push Button Calling Circuit. 


2. The numbers ten to nineteen are shown 
in parenthesis to indicate that the 
number refers to a single group of impulses. 


3. Each station will respond to either 

or both of tw group codes, but no 
two stations will respond to the same 
pair of group codes. If it is desired 
that a station respond to only one group 
code, then the alternate group must not 
be assigned. 
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Code 
Designation Function Punction Punction Punction Positions Groups 


TABLE E 


vidual 


Five-Digit Individual Station Codes With 
Continuous: 0 


tation Code 


10821 
igg21 
18021 
10731 
19831 
18932 
17031 
10641 
ag74a 
18841 
17941 
10551 
19652 
18751 
17851 
16951 
15051 
10461 
19561 


10841 
ig941 
18041 
20751 
19851 
18951 
17051 
10661 
19761 
18861 
17961 
20571 
19671 
18771 
17871 
16971 
15071 
10481 
19581 


10881 
19981 
18081 
20791 


Movable 
Pin’ 
2,10 0 As 
22 AK 
212 AL 
3,10 BJ 
3,12 BK 
3,12 BL 
3,13 BM 
410 os 
411 ox 
4,12 ¢,L 
4,23, CM 
5,10 DAT 
Sl. DK 
5.12 DL 
5.13 DW 
5.14 DW 
515 ,P 
610 B,J 
6,11 EK 


Code 
Designation 


20 
21 
22 
2 


é re 
Funetion Punction Function Function 


18661 
17761 
16861 
15961 
14061 
10371 
19471 
18571 
17671 
16671 
15871 
aug7i 
13071 
10281 
19381 
guar 
17581 
16681 
15781 
14e81 
13981 


TABLE _E (CONT'D) 


Individual Station Code Movable 


18681 
17781 
16882 
15981 
14082 
10391 
iguga 
18592 
17691 
16791 
15891 
14991 
13091 
10201 
19301 
1gk02 
17501 
16601 
15701 
gor 
13901 


64c1 
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SYSTEM 


1860! 

17701 
1601 
isgo1 


6,12 
6,13 
6,14 
6,15 
6,16 
7,10 
Tl 
1,12 
113 
cay 
TAS 
716 
117 
8,10 
8,12 
8,12 
8,13 
8,14 
8,15 
8,16 
8,17 


Positions Groupe 


EL 
=m 
E,N 
E,P 
E,Q 
PJ 
PK 
PL 
PM 
PWN 
P,P 
P,Q 
PR 
og 
O,K 
OL 
om 
O,N 
0,P 
0,8 


a,R 
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TABLE E (CONT'D, 


Individual Station Co Movable 
Cod re Pin 
Designation Punction Function Punction Punction Positions Qroups 
a 1ge91 Sal cae 
42 18391 912 0 WL 
43 17491 913 HM 
4 16591 9,14 HN 
45 15692 915 HP 
46 14791 926 HQ 
a7 13891 917 HAR 
48 18201 10,12 JL 
4g 17301 10,13 om 
50 16401 10,14 oyN 
5. 15501 10,15 JF 
52 14601 10,16 9,0 
53 13701 10,17 3k 
Master = (20) (22) (2k) (26) 
Notes: 1. As master codes can be transmitted only from 


ations equipped with Push Button Calling 
Circuits, only the selecting impulses are shown 
for these codes, the first and last digits "one" 
being generated automatically by the calling 
circuit 


2, Individual etation codes may be sent with 
either Push Button Calling Circuit or Dial 
and Pulse Divider equipment. 


3. Receiving equipments can be tested for 

response to individual station codes, but 
not for response to master codes, using the 
Dial Type Portable Test set. 
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‘TABLE 


Batty it and Eoutvetent Individual starion 
odes For Use nen AIT Calling Stations Are 


th Push Button reults, 
Sg sat eore Sooo or tase ig 


_}oiividya} station Cotes Movable 
‘ode G Pin 
Designation Punetion Function Function Function Position Groups 


a (16)22(16)24 (16)26 (1628 2,4 Ac 


2 (15)32 (15)34@—(15)36. (25938 2,5 AD 
3 (24)42 (14 )He (18 )ME (14 4B 2.6 AE 
4 (13)52_ (13)54_ (13956 (13)58 27 AP 
5 (12)62 (2)64(12)66(12)68 2,8 
6 Qayr2 (aye (2) (2)78 29H 
t (10)82 (10)84 = (10)86 (10) 88 2,10 Ad 
8 992 ou 996 998 212A K 
9 8(10)2 8(10)4 = 8(10)6 (108. 2,120 AL 
10 7(Q12)2-7(2)4#—-7(22)6—70)B 223A 
n (15)23,(15)25(15)27 (15) 29 3,5 B,D 
12 (24)33(14)35 (14)37(24)39 3,6 BE 
3 (13943 (13045 (23)87—(23)49 3,7 BP 
a (12)53(22)55(22)57(12)59 3,8 Ba 
45 (12963 (22965 (2967 (1269 3,9 BH 
16 (20)73, (20)75.(20)77,(20)79 3,20 Bd 
a 983 95 987 98 = «3,22 K 
18 893 895 897 89 3,12 BL 


Perec wovabie 

Peslgnstion function Function Function Function Position Qroups 
vw 7(20)3-7(20)5_7(10)7_—-7(10)9 3,13 BM 
20 (aey2e (24)26(14)28(18)2(10) 4,6 ok 
ar (13) (23)36— (13)38_— (23)3(20) 4,7 cr 
2 (a2) (22)46(22)48(22)4(10) 4,8 c,o 
23 (21)54 (22956 (22958 (22)5(20) 4,9 cH 
au (10)64 = (10966 (10)68 = (10)6(10) 4,10, 
2 m4 576 978 97(20) 4,11 CK 
26 884 886 888 88(10) 4,12 ¢,L 
27 T98 196 798 79(10) 4,13 CM 
28 (23)25 (13)27) (23)29—(23)2(22) 5,7 DP 
2 (22935 (22)37 (22)39(22)3(2) 5,8 Do 
30 (22)45 (22)87 (22)49 (224022) 5,9 DH 
3 (20)55  (10)57_(10)59 (20)5(12) 5,10 Dy 
32 965 67 69 96(11) 5,22 DAK 
3 875 877 879 87(11) 5,12 DL 
u 785 787 789 78(12) 5,13 DM 
35 (12)26  (12)28 (22)2(10)(12)2(12) 6,8 0 
6 (21)36 (22)38— (22)3(20)(22)3(22) 6,9 EWM 
iv (20)46 = (20)48— (10)4(10)(20)4(22) 6,10 EJ 
38 956 958 95(10)  95(22) 6,12 EK 
39 866 868 (10) 86(12) 6,12 EL 
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TABLE G (CONT'D) 


ron vidual Station Hovable 
Designation Punction Function Punction Punction Position Groups 
40 716 778 7710) 77412) 6,13 BM 
a (1)27— (22)29 (22)2(21)(21)2(23) 7,9 Lad 
we (10)37 — (20)39 (10)3(21)(20)3(23) 7,20 =F 
43 947 99 ok(1a) 943) 72 
rm 857 859 85(12) 85(23) 7112 PL 
45 67 769 = 76(11)-76(13) 7,13 N 
¥6 (10)28(10)2(10) (10)2(22)(20)2(24) 8,20 av 
aT 938 93(10) —-93(12) 9324) 8,22 a. 
4g 848 84(10)—BA(12)-BH(14) 8,2. 
4g 758 75(10) 75(12) «-75(28) 8,13 Om 
50 929 92(11) 92(13) 92(25) 9,22 K 
51 839 = 83(11) 63(13) 83(15) 9,32 ML. 
52 TH 74(12) 7413) 74015) 9,13 HH 
53 82(10) — 82(12) 82(14)  82(16) 10,22 JL 
54 73(10)73(12)—-73(14)73(26) 20,233, 
55 7a(al)—72(13) 72(15)-72(17) 12,13 KM 
56 6(12)2 612) 6(12)6 2,14 Am 
57 5(23)2  5(13)4 5(13)6 2,15 a? 
58 6(12)3 6(21)5—6(12)7 316 8 
59 5(12)3 $(12)5-5(12)7 315 BP 
60 6(10)4 = 6(10)6 6(10)8 418 cn 
61 5(22)8  5(22)6 5128 4,15 C,P 


TABLE O (CONT'D. 


Individual Station Cod Movable 
Code w nc Sr a Pin 

Designation Function Punction Punction Punction Position Groups 
62 695 697 699 5,14 DWN 
63 5(20)5 5(10)7  5(10)9 5,15 DP 
6a 686 688 68(10) 614 EWN 
65 596 598 59(10) 6,15 E,P 
66 77 679 67(11) TW OPN 
67 587 589 58(11) 715 P,P 
68 668 66(10)  66(12) 814 ON 
69 578 57(10) 57(12) 8,15 0,P 
10 659 65(11) 65(23) oak N 
n 569 © 56(21) 56(13) 9,15 HP 
72 64(10) 64 (12) 64(24) 10,24 JN 
3 $5(10)  55(12) 55(14) 10,15 JP 
m4 63(11) 63(23) 63(25) 1,24 oKN 
5 54(12) 54(13)54(25) 1,15 KP 
6 62(12) 62(14) 62(16) 12,16 LN 
7 53(12) 53(44) — 53(16) 12,15 LP 
8 52(13) $2(15)52(17) 13,15 MP 
19 w(au)2 w(1u ym 216 AQ 
80 3(5)2-3(15)4 2,i7 AWR 
8 4(13)34(13)5 316 BQ 
82 3(18)3 3(14)5 3.17 BR 
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Code 

83 (12 )4 
eu 3(13)4 
85 4(12)5 
86 3(12)5 
87 4(10)6 
88 3(11)6 
69 497 
90 3(10)7 
92 488 
92 398 
93 479 
” 389 
95 46 (10) 
% 37(10) 
7 45(12) 
98 36(12) 
99 wa(12) 
100 35(12) 
101 43(13) 
102 34(13) 
103 Weis) 
104 33(14) 


TABLE G_ (CONT'D) 


4(12)6 
3(13)6 
4(12)7 
3(2)7 
4(10)8 
3(12)8 

499 
3(20)9 
48(10) 
39(10) 
47(.a) 
38(12) 
46 (12) 
37(12) 
45(13) 
36(13) 
4y(a4) 
35(14) 
43(15) 
(1s) 
42(16) 
33(26) 


Movable 


Resignation Function Pwietion Ruastion Punstion rosltion Sroupe 


4,26 
4,37 
5,16 
5,17 
6,16 
6,17 
716 
TAT 
8,26 
8,17 
9416 
9017 
10,16 
10,17 
11,16 
11,17 
12,16 
12,17 
13,16 
13,17 
14,16 
14,17 


c.8 
GR 
De 
DR 
Ly 
aR 
7,0 
PR 
0,8 
an 
4,9 
HR 
18 
an 
Lay 
KR 


8 


LR 
HQ 
WR 
mA 
WR 


TABLE @ (CONT'D) 


iividual Station Movable 
Code Pin 
Designation Function Punction Function Punction Position Groups 
105 32(15)  32(17) 15,17 PAR 
Master (20) (22) (2) (26) 
Only selecting groups of impulses are 


jhown, the first and last digits “one 
code being produced automatically 
by the Push Button Calling Circuit, 


2. The dial test set is inadequate for 
testing many of these code signals. A 
source of code signals, such as the 
Button Calling Circuit, must be 
nearby testroom if the: 


venteen are shown 


consecutive impul 
parenthesis each represent a group of 
impulse ‘The Code 32(15) should be 
read: three, two, fifteen, 
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8 TESTING FEATURES OF THE PULSE GENERATOR UNIT 


8.01 The pulse generator and code relay unit of 

the Push Button Calling Circuit per Fig. 1A 
gf Drawing WAl11447-SD, has certain built-in testing 
features. These include non-locking LV and TST 
Keys, and locking PLS and ID Keys. 


(a) The LV Key furnishes battery and ground 

Supplies, and a current limiting LV resistor 
used in making low voltage tests on the 209B 
selector. 


(>) The TST Key furnishes ground to operate 
the ST relay when prior operation of a code 
relay 1s not desired in making tests. 


(c) The ID Key transfers the battery sources 
normally used in operating a code relay, to 
the winding of the ST relay so that the ST relay 
may be operated and released when code relay 
operation is not desired in making tests. 


(d) The PLS Key is operated when digit pulse 
length is to be adjusted by observing the 
characters selected by a teletypewriter. 
Contacts 2 and 3 prevent blinding of the station 
teletypewriter during the test code transmission. 
Contacts 5 and 6 complete an operating path from 
Terminal 22 of Row 1 of the bank to the L relay 
winding to hold the L relay operated during the 
period that the selector is in its starting 
Position on Step 22. This prevents the spacing 
out on pulse from being transmitted to the line 
and teletypewriter, Contacts 7 and 8 prepare an 
Operating path for the ID relay which is completed 
when the selector r the L 
relay is operated on all odd numbered steps, 
including 21, the equivalent of a last interdigit 
pulse is a continuation of a closed condition 
on the’ line, The test signal is a series of 
20 impulses, including 10 spacing digit pulses, 
with no cut on or last interdigit pulse. 


Avatlatility of a pen type recorder employing a 
calitrated paper tape 1s highly desirable in 
adjusting digit pulse length and in observing the 
generated signal for irregularities resulting from 
trouble in the unit. If the recorder is remotely 
located with respect to the calling circuit, 

suitable facilities for signal transmission and voice 
communication are needed. A station teletypewriter 
may be substituted for the recorder in adjusting 

the digit pulse length, 


9. INSTALLATION 
9.01 General 


(a) The installation requirements of B.S,P, 
Section P65.902, Paragraph 8.01, (a), (c), 
and (e) apply to the Push Button Calling Circuit. 


(bo) See Part 2, EQUIPMENT, for mounting 
arrangements. 


(c) Before connecting power to the pulse 

generator and code relay unit, verify, add, 
or remove X or Y strapping, and W strapping if 
specified in the order. Also, verify by a 
continuity test that the correct‘option, G or H 
wiring, has been furnished in the Interconnecting 
Cable (Sheet 5 of Drawing WA11447-SD, Fig. 52C) 
as use of the wrong option may place a direct 
short between battery and ground. Optional 
strapping of the Key and Lamp Cabinet should be 
provided or verified. All connecting wiring 
should be completed and verified before power 
is connected to the unit. 


9.02 CAUTION: Fig. E of Drawing WA11447-sD, 

Sheet 4: and "ZX" wiring of Fig. 1A, wA1l447-sD, 
Sheet 6,may be used only if the power source is 
fused at 20 amperes or less, as in the case of manual 
tape relay system applications. While permitted by 
the National Electrical Code, its use with the Push 
Button Calling Circuit 1s considered undesirable. 

It has been included in the drawing as a temporary 
means of fusing the relay load of the calling circuit 
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in manual tape relay system applications where 
spare distributing fuses have not been furnished 

at the fuse panel, and where necessary distributing 
fuses cannot be provided in time to avoid delay or 
interruption of service. In all such cases, either 
on new or existing installations, arrangements should 
be made to fuse the power lead per Fig. D of 
WA11447-SD,- Sheet 4, remove "ZX" wiring, and add 

"Zw" wiring, at the earliest possible date. 


10. EQUIPMENT TROUBLE AND ROUTINE MAINTENANCE 


10,01 Follow instructions of Section P65.902, 
Paragraphs 9.01 to 9.05, 


11, ADJUSTMENTS, TESTS AND INSPECTIONS 


11,01 General. Before making any adjustments on 
the pulse generator, verify that the power 
supply voltage is not fluctuating excessively and 
adjust the voltage, if necessary, to secure a value 
within plus or minus two volts of the nominal value. 


11,02 Low Voltage Test of 2098 Selector, Low 
Heltage testecsi the Oop seiseen tage tests of the selector as 
specified in B.S,P, Section B468.002 are performed 
by momentarily depressing the LV Key of the pulse 
generator. Before making such tests, the P electron 
tube must be removed from its socket to prevent 
it from taking control of the selector when the 
brush arms advance to Step 1. The operated LV Key 
furnishes ground and battery through the LV and HV 
resistors to the selector magnet winding to energize 
it. The current limiting effect of the LV resistor 
results in a voltage about five volts less tl 
normal being applied across the magnet winding. The 
selector should step satisfactorily with this lower 
Voltage. Replace the P electron tube in its socket 
when the low voltage test is completed, 


11,03 Test for Smoothness and Regularity of Selector 
Stepping. Operation of the ID Key, followe: 

by_momentsPtly” depressing the TST Key causes the 

pulse generator to originate a 26 impulse master 

code. The Push Button Calling Circuit should be 


disconnected from its associated line during this 
ti Operation of the ID Key transfers to the ST 
relay winding those battery sources normally applied 
to the code relay winding as described in Paragraphs 
£,05 and £.13. Momentarily depressing the TST Key 
applies operating ground to the ST relay, which 
locks up and performs all functions described in 
Paragraph 5.06. As no code relay is operated to 
introduce interdigit pulses, the selector advances 
to Step 26 at which point a brush arm applies ground 
to Terminal 26 of Row 5 of the bank to operate the 
ID Relay and introduce the last interdigit pulse. 
Subsequent operation of the P relay removes the 
last battery source from the ST relay, as described 
for the code relay in Paragraph 5.13. When the F 
and ID relays release, the selector advances -to its 
stop position on Step 44 (22). The long series of 
pulses should reveal any irregularily in the 
stepping of the selector, particularly as it 
advances from Step 22 to Step 23. 


11,04 Digit Pulse Length. The transmission of two 
consecutive digit ‘pulses of the nominal 100 
millisecond length through a 60 speed regenerative 
repeater will add bias to the pulses so that one 
pulse will be 88 to 90 milliseconds and the other 
110 to 112 milliseconds in length. This is because 
the regenerative repeater converts the spacing pulse 
to the equivalent of a teletypewriter Character "0" 
or "T" signal, This does not adversely affect 
operation of 64C receiving selectors, and is 
primarily of interest only in connection with 
analyzing selector code signals registered by a 
tape recorder. An 88 millisecond pulse would be 
adequate on 60 speed services and would also suffer 
minimum distortion in passing through a 75 speed 
regenerative repeater, being approximately equal to a 
teletypewriter Character "T" signal. The reason for 
retaining the 100 millisecond pulse iength in the 
code generated by the calling circuit is because of 
the effect of voltage variations on its pulses. A 
10 per cent increase from the nominal value of 


64c1 
P65.902.3 SELECTOR 


mest ck Cas 


———— — 


YOLOFIaS €°206°S9d 
Ton 


pesds SL © U3TM ud. TRUOTSBID0 UB UIT 
ang \SxueTE, ATIUeUTWOpard pue fuartameds3aT a9 
paads OF B UITM wOu TEUOTSEDI0 Ue UZTM ING 
wy JaqoReyD 343 ATIUeUTWOP|ad !ezeqzoeTEYD aq JO 
Saysas B S30aTas aaqTamedézaT 93 oy3 TT3uN pazenfpe 
aq PINoUs uozeLsuaB astnd ayy Jo dazewoyquazod 
d oul ‘Key ISL au3 sseadep AtzaezusWoW 
*Buq3q98 aBuer umwy3do s3y Uo zazzaMadhgetaz 9u3 
UITM ‘"SqUaMaTe apoo JazTamedhzaTa, Jo sataas 
B pUE qUaWeTe 4ueIS Se JagtuMadszaTaq aya Aq 
pazeudaaqut e1e Oz 03 2 sdaqs pedequmu Uars uo st 
O308TIS a4} USYM Pageuauad sastnd BuToeds 40 
uado auL ‘“steuBts apoo ay; 03 puodsad {ITM 31 
4euy 08 Jartumedsyataa uoT3eIs 943 wos PUTTA aua 
Baaowas pue ‘sastnd 37Ztp Butoeds uey Sutpnyouy 
'gastnduy A3ueM} But3eLeUes Joy soyedaued astnd ayy 
soaedeud Kay Sd aii Jo uotzesedg “Eo°TT udeuseueg 
UT PaqTsosep se ABTaL LS ay3 09 Azaaaeq Ustuany 
03 3883 943 03 Yotad payezedo sq fax GI aul 
*Sujuds Teatds ay3 ut sTTOo Jo Burddetienc Sujsneo 
Aq 83823 petaqumu uana uo suojoatas adfz 09 
9u3 a8ewep 34yBqw anq ‘4893 pasequmu ppo yoea uo 
BTBUBTS JoOouUO Yayseu asTeJ UT 3[NSea ATUO 
90U _PINOM STUL *3893 puodas e43 UC Oy dais Jo 
AUaTeATNbe 943 04 souBAPE 07 adwarqe Prnom pue 
44899 4saty aui Uo Sdaas Oz aoueAPE PInom sTeUsTS 
@UTT 03 puodsaz 03 UOTa;puoo eB UT PUB eUTT 943 UO 
84030aT@s ButATaoea ong Auy -eastnduy AiuaK7 50 
S_8Tsuoo TeUsTS pazessuas o43 aeneoaq TeTiUaEso BT 
STUL ‘PeInatasans aq prnoys suoqoatas Supyayaoad 
Ong UITM Peddtnbe jou autt sueds uo Auump & 
pue pazoauucoSstp aq PINoYs autT pereyoosse auy 
3893 Syy3 Buyyew ssojeg “uoyeteueg astnd e4y JO 
sKox S| pus aUy pue Jerjinedsretoa, 
eB suis uyZue] estnd ITstd Buyysn/'py (a) 


*sestnd Butoeds pue Suyysew jo SuyZeysae yz ut 
PePNToUT aq 30U PINoYs uaSUeT B37 pue ‘pausyzZuet 
Jo pauszsous ATauBTIS aq sew astnd supy2eEU 

48ats ayy ‘depsooas au; pue sozedeues astnd 

ayy udentaq Jeqeadas antyedauases & Cy aueur JI 
‘ugZuet sues ay3 JO eq plnous sastnd Buyysey {Te 
‘aapsooag 243 puke JozeiaueS astnd aya uaeKz9q 
jueseud 6} aaj3eedez aataeuauaser @ ssatun 

‘ugBuat ewes 2y3 jo oq ptnous sestnd Suyoeds Try 


Page 54 


teletypewriter. Repeat the test as required 
until the desired adjustment is secured. It 
should be noted that the procedure described in 
Paragraphs 10.04 and 10.05 of Section P65.902 
may be readily adapted to use in adjusting the 
pulse length of the Push Button Calling Circuit, 
but any added accuracy secured thereby is of 
no consequence in circuit operation, and the 
procedure is quite involved. When the correct 
adjustment has been secured, restore the ID and 
PLS Keys to their normal position. 


(c) Adjusting Digit Pulse Length ust: 

8 adjustment should be used only 
not practicable to connect the pu! 
to a recorder or a teletypewriter as covered in 
(a)"and (b) above, Before making this test, 
disconnect the power supply from the pulse 
generator circuit by removing the distributing 
fuse at the fuse panel, disconnecting or turning 
off the rectifier, or by other suitable means. 


CAUTION: Removing the .25 ampere SloBlo Fusi 

from the pulse generator panel is not sufficient 
as this fuse supplies only the selector. With 
standard adjustments, the relay and selector 
magnet operate and release times which contribute 
to the digit pulse length may be assumed to be 
about 35 to 40 milliseconds. The balance of 60 to 
65 milliseconds is due to the length of time 
required for the P capacitor to charge to the 
starter breakdown voltage of the P electron tube. 
With a nominal 120 volt battéry or rectifier supply, 
and an electron tube having average characteristics 
each 1000 ohms in the charging path of the P 
capacitor contributes about one millisecond to the 
time required to fire the tube. A 100 milli- 
second digit pulse may generally be obtained by 
adjusting the P potentiometer until the resistance 
of the P resistor and potentiometer totals 

60,000 ohms. If a nominal 130 volt supply is 

used, the resistance should total about 66,000 
ohms, The accuracy of the pulse length is 
dependent on average characteristics in the circuit 
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components, but since no great degree of 
accuracy is required in the pulse length, and 
any deviations from average in component 
characteristics would usually increase the 

pulse length, the method 1s satisfactory for 

use in those cases where the adjustment described 
in (a) or (b) 4s not feasible. After the 
potentiometer adjustment has been made, and the 
ohmmeter disconnected, reconnect the power supply 
to the unit, 


11,06 Refer to B.S.P. Section B468.002 for 
maintenance, lubrication, and adjustment of 
the 209B selector. 


11.07 When pen type recorders equipped with a gate 

circuit, or other device which delays the 
start of recording, are used in observing signals 
generated by the calling circuit, appropriate 
corrections must be applied to the observed length 
of the cut on pulse. 


11,08 After a 276F relay has been placed in its 

socket, following installation, test, or 
replacement, the calling circuit should be operated 
to send two or three codes before being restored 
to service, This spreads the mercury on the 
contacts to a normal condition, correcting for any 
displacement which may have been caused by handling 
or shipping. 
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